Intermediates in the refolding of ribonuclease at subzero temperatures. 1. Monitoring by nitrotyrosine absorbance.
Derivatives of ribonuclease A in which tyrosines-73, -76, and -115 were nitrated have been synthesized, purified to homogeneity, and characterized by NMR, isoelectric points, absorbance spectra, and catalytic activity. The positions of their reversible thermal unfolding transitions were determined in 35% methanol at pH* 3.0 and 6.0. In the present study the kinetics of the refolding of these nitrotyrosine derivatives were measured at -15 degrees C at pH* 3.0 and 6.0 by using a cryosolvent composed of 35% aqueous methanol. The rates of folding of different regions of the molecule were determined by using the nitrotyrosines as environmentally sensitive probes. Multiphasic kinetics were observed for the refolding of the nitro-Tyr-115, -73, and -76 derivatives. The native environment about Tyr-115 was formed more rapidly than that about Tyr-73 and -76, and the native environment about both these tyrosines was attained much sooner than the native state itself, as judged by other probes. The results indicate that different regions of the molecule attain their native environments at different rates. This observation shows that the folding pathway must involve partially folded intermediate states.